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^^^° lled K reieaSC fonnula ^ D . for w with * variety of drugs, vaccine* or hormones are famed in mkrosphcrical form. The 
f ifl, he P atiti * v * cdnc ' “ suspended in a polymer matrix. The polymer matrix is 

water soluble biodegradable polymers, selected for example from starch, crosslinked starch, ficoEpoiysucrose 
p olyvmyl alco hol, gclatme. hydroxymethyl cellulose, hydroxysthyl cellulose, hydroxypropyl cellulose, bydroxypropyi-ethyl cellulose! 

< !“ rt ’? xy,n ? ilyl ceDnlo5e > «*Hulose acetate, sodium alginate, polymaleic anhydride esters, polyortho 
t^^y ^faune. po l y ediylene gly rol, m mhcwypolyetfayletie glycol, ethoxypolyethylene glycol, polyethylene oxide, poly(13 bis(p- 
carbox yphen oxy) piopane-co-sebadc anhydride, NN-dietbylaminoacetate, block copolymers of polyoxyethylene and polyoxypropyiene. 
T^a^here. arc coated with a (d.1 lactide-glycolide) copolymer. The coatinTWtodte etoSJ reff 2^2^ 
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Drugs, vaccines and hormones In polylactlde coated alcrospheres 

The present invention relates to an improved 
delivery system for the administration of drugs, 
vaccines and hormones for use with animals, including 
humans . 

Background 

^ known that many drugs and hormones, e.g. most 
peptidic and proteinic drugs are susceptible to 
degradation at the site of administration. In addition, 
some proteinic and peptidic drugs have very short in- 
vivo half lives. Consequently, multiple injections or 
multiple oral doses are required to achieve desirable 
therapy. It is desirable to increase the therapeutic 
efficacy of these drugs by using a controlled release 
delivery system. Attempts have been made to provide 
controlled release by means of tablets or capsules. 
However, none of these methods are entirely 
satisfactory. 

Extensive efforts have been expended on the 
identification of appropriate antigens for immunization 
against numerous infectious diseases. However, the 
efficiency of such vaccines often is low because of 
rapid degradation of antigens and their very short in- 
vivo half lives. The need for effective vaccination 
procedures is particularly acute with respect to 
organisms which produce their pathophysiologic effects 
through acute infections localized to the 
gastrointestinal surfaces. However, large doses have 
been required to achieve adequate local concentrations 
peyer ' s patches of the gastrointestinal tract. 
There is a need therefore to provide a vaccine delivery 
system which results in enhanced immunity without the 
need for adjuvants and is effective following oral 
administration. 

The present invention is intended to provide 
delivery system which is more cost efficient than 
previous methods and which alleviates the aforementioned 
performance difficulties. The invention is suitable for 
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injectable and oral vaccines, bat oral • * 
Preferred. The drug, v.ccinl * V "^nrstration i. 

referred to herein as the actl • °* “ eonetin « 

" 7 1» he referred * V * CCi "‘ 

invents. *‘* reiD “ “ 

ccntroU^.^“V” S “ t inveat ion provides a 
polymer microepheres ™ereil°° '° mprl ' :L “ 9 biodegradable 

^ t: 

in one COP ° ly ”«- 

. the group consisting of starch^” *?* SeleCted from 

ficoli , p„i y . ucro „f poi”“' 4 ' “7 laked Kmh ’ 

hydroxymethyl celluino . ll °^ / gelatine, 

hydroxypropyl ZZl^ 

hydroxypropyl -methyl cellnloee* rI '7 yl ' etllyi cellulos '- 
cellalose, c.Ualos. acetat. J1 7 '“^“yl 

polymalaic anhydride est. ' * l91Mte > 

polyethyleneimine. polye^T^, 

polyethylene oxlde^y” 1 ! ®“°^ pol ^ th l rl “o glycol, 

propane-co-sebacic ,nhydrida^H^N~di»ah X ^ > ^? nOX ^^ 
blooh cop„lym. rs Of PolyoryeWu . e^ “ la0aC,tat8 ' 
polyoxypropylene. 

Pis ( methylene ) -2 ^4 e 777 P ° ly ° rth ° est,r is 3 ' 9 “ 
heranediol poly ;.'t. r ” bx.spiro t 5. 5) „n d ec.ne/l, 6 

Polym^^Tt^anToff 0 **** “““ «“ *» 

I” another embodiment til' “l 0 " 0 “ S ° ,2 °- 
selected from starch and «c7i 177“^ “ 
starch and polyvinyl aleohm ' h *** P ol y suc rose, 
starch and T 

hydroxyethyl - 

/ gelatine and polyvinyl alcohol. 
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polysucrose and polyvinyl alcohol , and sodium 
carboxymethyl cellulose and sodium alginate. 

When the polymer matrix comprises starch and 
ficoll, the preferred weight ratio of starch to ficoll 
is preferably from 85:15 to 60:40/ and more preferably 
from 75:25 to 65:35. 

When the polymer matrix comprises starch and 
polyvinyl alcohol/ the preferred weight ratio of starch 
to polyvinyl alcohol is in the range of from 35:65 to 
65:35, with a more preferred range of from 40:60 to 
60:40. A microsphere having a ratio of starch to 
polyvinyl alcohol of about 50:50 is suitable for release 
of active ingredient over about a 10 day period. The 
starch has a tendency to degrade relatively quickly and 
the polyvinyl alcohol tends to give to the microsphere 
hardness and makes them more resistant to enzymatic 
degradation. In the case of vaccines, the polyvinyl 
alcohol also tends to give stability toward enzymatic 
and proteolytic degradation. Similar ratios are 
suitable for polysucrose and polyvinyl alcohol. 

When the polymer matrix comprises one of the 
celluloses and ficoll, the preferred weight ratio of the 
cellulose to ficoll is in the range of from 80:20 to 
65:35. The celluloses, e.g. hydroxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl-ethyl cellulose, hydroxypropyl -methyl 
cellulose, sodium carboxymethyl cellulose, cellulose 
acetate, tend to give soft and stable microspheres. 

The selection of the particular (d,l lactide- 
glycolide) copolymer will depend in a large part on how 
long a period the microsphere is intended to release the 
active ingredient. For example, a (d,l lactide- 
glycolide) copolymer made from about 80% lactic acid and 
20% glycolic acid is very stable and would provide an 
microsphere suitable for release of active ingredient 
over a period of weeks. A (d,l lactide-glycolide) 
copolymer made from 50% lactic acid and 50% glycolic 
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:::rLV p ir: a microsp ' ,ere 

A rd l ? ll,9redient ««• « period of day.. 
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,;:i: .« T"*— ^ 

Clve ingredient over a period of i -> h 
The coating makes -a ^ p OQ of 1-2 days. 

9 ma * es th « microspheres more resists 
enzymatic degradation. resistant to . 

eelacMd"”^^ 1 "'”' “* ‘ Ctlvt Mediant is 

*■*- ■— 

t:zr trr — 

r ^rr.T 1 ”' 1 ' interl - ki ”-” - cytoAioa. 
taft.iT ^ “ “ lnt * rfe ”"-P' i»tarf. r on- y aad 

prodactflT”^ h0r ”°°'' “ incrM « th. milk 
production in cows, is BST. 

the “ ti9en is selected fr « 
vaccina, typhoid vaccina, hepTT rTci'cTT^ 11 *’ 

uxju nit, influenza vaccine v <m o 
vhoopnng cough vaccina virus , vaccinia virus, ' 
adanovirus, canary per, poUo vaccina virus mal.v 
STT- baCU1 “ 8 talniette gaurin (BCO), 
cytouns HIV “ V * l0p ^“Proteins and 

diphtheria oTd*’ ° £ b * Ct * rial toxoid ‘ «« tetanus, 
ErCes oi hTsTT *' " yC ° baCt8ri “" tuberculosis. 
ieoTor hL Tcinl: l0P 9lyCOPr ° t4ln “ «* » - »<* PP 

::ztzv cs- " r 

„ k , pres ®nt invention also provides a process for 

eicrospTTn'Tru'rTcLTorT 0 ” C °” PriBi " S 

t'hTirrr — — - = e r“ 
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a) preparing an aqueous solution of at least two water 
soluble biodegradable polymers and adding thereto an 
active ingredient of a hormone, vaccine or drug, 

b) mixing the solution and active ingredient with an 
emulsifying medium to form a homogenized microdroplet 
suspension, 

c) adding the homogenized microdroplet suspension slowly 
to a first organic solvent which contains a small 
concentration of a first surfactant, while stirring the 
Jfticrodroplet suspension and solvent, thus causing 
microspheres to precipitate, 

d) separating the microspheres from the first solvent 
and adding a solution of a <d,l lactide-glycolide) 
copolymer in a second organic solvent which contains a 
small concentration of a second surfactant, and 

e) slowly evaporating the solvent, leaving behind coated 
microspheres . 

Step b) may be accomplished at room temperature or 
less but temperatures of -5°C to 10 °C are preferred with 
a temperature in the range of from 0°C to 5°C being even 
more preferred. These temperature ranges are more 
suitable for the easy formation of the suspension. 

The first organic solvent may be the same or 
different to the second organic solvent. A preferred 
first solvent is acetone and a preferred second solvent 
is an acetone and chloroform mixture. 

Likewise the first surfactant may be the same or 
different to the second surfactant. Preferred 
surfactants are polyoxyethylene derivatives of fatty 
acid partial esters of sorbitol anhydrides, some of 
which are sold under the Tween trade mark. Preferred 
concentrations of surfactant are from 2 to 3% v/v of the 
solvent. At higher concentrations, the final 
microspheres tend to be irregular in shape. 

In one embodiment the polymers are selected from 
the group consisting of starch, crosslinked starch, 
ficoll, polysucrose, polyvinyl alcohol, gelatine, 
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hydroxymethyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose, bydroxypropyl-ethyl cellulose, 
hydroxypropy l -methyl cellulose, sodium carboxymethyl 
cellulose, cellulose acetate, sodium alginate, 
polymaleic anhydride esters, polyortho esters, 
polyethyleneimine, polyethylene glycol, 
methoxypolyethy 1 ene glycol, ethoxypolyethylene glycol, 
polyethylene oxide, poly ( 1,3 bis(p-carboxyphenoxy) 
propane-co-sebacic anhydride, N,N-diethylaminoacetate, 
block copolymers of polyoxyethylene and 
polyoxypropylene . 

It i. preferred thet the .eight ratio of the two 
po Inters ie in the range of from 20:80 to 80:20, with a 
more preferred range of from 40:60 to 60:40. 

When the polymer matrix comprises starch and 
ficoll, the preferred weight ratio of starch to ficoll 

ie preferably from 85:15 to 60:40, and more preferably 
from 75:25 to 65:35. y 

When the polymer matrix comprises starch and 
polyvinyl alcohol, the preferred .eight ratio of starch 
to polyvinyl alcohol is in the range of from 35:65 to 
65.35, with a more preferred range of from 40:60 to 
60:40. A microephere having a ratio of starch to 
polyvinyl alcohol of about 50:50 is suitable for release 
of active ingredient over about a 10 day period. 

Similar ratio, are suitable for polysucrose and 
polyvinyl alcohol. 

When the polymer matrix comprises one of the 
cellulose, and ficoll, the preferred .eight ratio of the 
cellulose to ficoll is in the rang, of from 00:20 to 
65:35. A. indicated before, the celluloses, e.g. 
hydroxymethyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose, hydroxypropyl-ethyl cellulose, 
hydroxypropyl-methyl cellulose, sodium carboxymethyl 
cellulose, cellulose acetate, tend to give soft and 
stable microspheres . 

In another embodiment the polymer matrix is 
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selected from starch and ficoll, starch and polysucrose, 
starch and polyvinyl alcohol, starch and gelatine, 
starch and hydroxyethyl cellulose, hydroxyethyl 
cellulose and bydroxypropyl cellulose, gelatine and 
hydroxyethyl cellulose, gelatine and polyvinyl alcohol, 
polysucrose and polyvinyl alcohol, and sodium 
carboxymethy 1 cellulose and sodium alginate. 

In another embodiment, the active ingredient is 
selected from bovine somatropine (sometimes referred to 
as BST), estrogens, androgens, insulin, insulin growth 
factors (sometimes referred to as IGF), interleukin- I, 
interleukin-II and cytokins. Three such cytokins are 
interferon-p, interferon-y and tuftsin. 

A preferred hormone, to increase the milk 
production in cows, is BST. 

In another embodiment, the antigen is selected from 
MMR (mumps, measles and rubella) vaccine, typhoid 
vaccine, hepatitis A vaccine, hepatitis B vaccine, 
herpes simplex virus, bacterial toxoids, cholera toxin 
B-subunit, influenza vaccine virus, whooping cough 
vaccine virus, vaccinia virus, adenovirus, canary pox, 
polio vaccine virus, malaria vaccine virus, bacillus 
calmette geurin (BCG) , klebsiella pneumoniae, HIV 
envelop glycoproteins and cytokins. Examples of 
bacterial toxoids are tetanus, diphtheria, pseudomonas 
A, mycobacterium tuberculosis. Examples of HIV envelop 
glycoproteins are gp 120 and gp 160 for AID vaccines. 

In the first step of the process, the polymers 
which are intended to be used for the matrix are added 
to water, to form an aqueous solution, and the drug, 
vaccine or hormone is added to the solution. This 
mixture is stirred and then mixed with an emulsifying 
medium, for example corn oil, rapeseed oil, vegetable 
oil. it is preferred that the amount of emulsifying 
medium exceed the amount of the polymer solution. For 
example, there may be as much as four times the amount 
of emulsifying medium as there is polymer solution. As 
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especially free about 0-c to about 5-c. Tb. polle r 

ZZiZdTZh “ d dn “ 9 ' V “ ci "« « hormone 

are stirred or otherwise mixed uutil a coarse ore- 

emuleion re formed. Tbe pre-emulsion i. further 

homogenized to form a microdroplet su.pensZ for 

example by high speed mixing. In the laboratory such 

bi,h speed .nixing can be accomplished by sonic.Tlon ln 

commercial manufacture, a high soeed h.l„7 

• Xu^hTtli^t ”, 0 ^ 106 

microdroplet euspension preferably is poured slowly into 
e large amount of organic solvent such a, ug.to°I 
containing a small concentration of surfactant 

about 2% v/v Tween* ftn „ - rf actant , e.g. 

hioh «« 7 surfactant, while stirring at 

ChemicalUdus^eV TJtTTl T “ 1 “ 

r 9 ; r— « — m^i^rr of 

precipitate. The purpose of the surfactant is to 
prevent agglomeration of the polymer matrix, with 
conee^uent loss of microspher.-.ized particies 

order of Z“ Cl ' Si ” ° f tlla P^Pitat. is in the 
to 10 pm ranged 10 ° "° re tyPiCan * ia «• ™ - 

coated with a'/Z Z*- th * nicrospher ' s are further 
transfer . I lactld *-9 1 J'Colide) copolymer by 
cZi ? 9 * ^““Ptar.. into a solution of the 

eecond ^ rfaZ .::: 0 !:^!! 01 ::" 1 which °° ntain * ■ 

added to a 2 , solution of £i lacti'dZZoUdZ * 
copolynar in a 1:1 ac.tone/chloroform mLtur. which 
contains 1% v/v Tween* 80. 

remaiZZ, tha secMd advent and any 

thZ e clt :° 1Vent U re " OTM * evaporation, so 

left on th. 1 ” 9 t <d>1 lactld a-glycolide) copolymer is 
left on th. surface of the microspher.s . A mil^cuum 
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may be used to assist in the evaporation process. 

The microspheres may then be made up in oral form 
or injectable form. The oral form is preferred. 

Clearly, the amounts and type of drug or hormone will 
depend on the treatment or immunization required and the 
human being or animal being treated. 

For hormones and drugs, an advantage of the 
microencapsulation is that it increases the in-vivo half 
lives of many peptidic and proteinic drugs or hormones, 
by providing protection against proteolytic or enzymatic 
degradation. Another advantage is that the therapeutic 
efficacies may be increased as a result of releasing the 
active ingredient in a controlled fashion over a 
prolonged period of time. A further advantage is 
prevention of degradation of the active ingredients 
when, in oral form, they pass through the 
gastrointestinal tract . 

For vaccines, an advantage of the 
microencapsulation is that it increases the potency of 
weak antigens such. as the small synthetic or recombinant 
peptides of HIV. Another advantage is that it enhances 
the speed, rigor and persistence of the immune response. 

^ further advantage is that it modulates antibody 
avidity, specificity, quantity, isotype and subclass. 
Furthermore it decreases the amount of antigen needed to 
protect, thereby decreasing the cost and increasing the 
bioavailablility of the vaccines. Additionally, the 
microspherical form of the vaccine is more efficacious 
than an aqueous vaccine. 

Hicrosphere formulations of the present invention 
which include BST may be used to increase milk 
production in cattle. Usually the formulation will be 
mixed with cattle feed and therefore will be taken 
orally. Such compositions may give high blood levels of 
BST over a long period of time, for example about 30 

da y®' a result of sustained release of natural or 
recombinant BST. 
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_ P"”" 1 may be used to entrap other 

growth hormones to . poly*, matrix, ,.g. ..trogens, 

„ c^ok' 1 ” 8 !' IGP ' int ' rleuki ”- 1 and iht.rleuUt- 

^ 1DS SUCh as inter feron-0 and interferon-,, 
need in the treatment of di.ee.ee such a. osteoporosis 

b TellVt T‘ “ d "" ,mPle 8clar ° 8i “ ”»y m.= 

benefit from the present invention. 

that !* U ” daratood ^ ‘Knee skilled in the art 

hat all of the ingredient, must be .uitable for 

ingestion by the animal, ..g. human. Tii , means of 

r 0 r:: toxic / n9r * dieats faiu °* «*«*■ «- 

::r t “ m ~ — — 

limiting “? * *““**“- * “ a — * — 
Example i 

0.1 g starch was dissolved in 1 ml of 

rrrrr* <dmso> a ° d to tws a °^° a ™ — 

dis.olvl n TT C ' UUlOS * “ d “- 1 9 n y°globin protein 

m.k. .! r ' The soluti °n Mas etirred to 

make a homogenous solution. To this 

1n ml _ ^ 10 tni8 solution was added 

10 nil vfi^ctftblc oil at n°p j , , 

sonicated ka . 6 resulti "9 mixture was 

ated to form a microdroplet suspension. The 

microdroplet suspension was added slowly to 200 ml 

«.ton. confining 2 , v/v Tween, a 0 surfactant. 

Microspheres were precipitated from the acetone. The 

acetone we. decanted off end the microspheres were 

the mice' 1 k San " Pl * ° £ tha “kcrospheres was taken and 
the microspheres suspended in 3 ml of distilled water 

This suspension was transferred to a uv cuvette. Th. 

Wf lf e d ““ my ° 9l0bl ” at 280 nm wavelength 

of releasTof °th r * P “ i ° d °* 12 ° day * and tia Parent 
sho^ in “.biet dalaal « ad ' ™ a results are 
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Table I 



Time (Pavel 
5 

10 

30 

60 

90 

120 



% Mvool obin Released 

11 

23 

32 

45 

59 

86 



This shows 'the slow release of the myoglobin over a long 
period of time . 

Example II 



The experiment of Example I was repeated except the 
myoglobin protein was replaced with fluorescenated human 
serum albumine (FHSA) . Although not normally used in 
animals, FHSA was used in this experiment to show the 
release characteristics. Animal drugs and hormones are 
expected to act in a si m ilar manner. The absorbance of 
FHSA was monitored at 390 nm wavelength over a period of 
90 days and the percent of FHSA released was calculated. 
The results are shown in Table II 
Table II 



Time [ Davs l 

1 

2 

3 

7 

11 

30 

60 

90 



% FHSA Released 
9 

11 

20 

23 

31 

38 

54 

92 



This shows the slow and almost complete release of the 
FHSA. 

Example III 



0.5 g starch was dissolved in 1 ml of 
dimethyl sulphoxide (DMSO) and to this solution was added 
0.5 g ethylhydroxycellulose and 0.1 g fluorescenated 
human serum albumine (FHSA) dissolved in 1 ml water. 

The solution was stirred to make a homogenous solution. 
To this solution was added 10 ml vegetable oil at 0°C 
and the resulting mixture was sonicated to form a 
microdroplet suspension. The microdroplet suspension 



40 
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was added slowly to a 200 ml acetone containing 2% v/v 
Tween« 80 surfactant. Microspheres were precipitated 
from the acetone. The acetone was decanted off and the 
microspheres were dried. 

A 0.1 g sample of the microspheres was taken and 
the microspheres suspend in 3 ml of distilled water. 

This suspension was transferred to a UV cuvette. The 
absorbance of the FHSA at 390 nm wavelength was observed 
over a period of 90 days. The absorbance is indicative 

of the amount of FHSA released. The results are shown 
in Table III. 



Time / Davs i 






1 

2 

3 

7 

11 

30 

60 

90 



Absorbance 

0.18 
0.21 
0.40 
0.45 
0.61 
0.77 
1.10 
1.85 

Table III shows the slow release of the FHSA. 

Example TV 

The experiment of Example III was repeated except the 
flourescenated human serum albumine (FHSA) was replaced 
with myoglobin protein. The absorbance of myoglobin 
protein was monitored at 280 nm wavelength over a period 
of 120 days. The results are shown in Table IV 
Table IV 

l AfflQ (Dayg) % MvooloM . n Released 

11 
24 
32 
45 
59 
86 

This shows the slow and steady release of the 
myoglobin protein. 

Example V 



5 

10 

30 

60 

90 

120 



Human serum albumine (HSA) microspheres were made 
as in Example III except that the HSA was not 
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f luorescenated . 50 mg of the microspheres were ^ava^cd 

orally to Balb-C mice. The mice were bled at regular 
intervals and the blood samples centrifuged to isolate 
the plasma. The plasma was analyzed using ELISA 
techniques to estimate antibody titre (IgG) values. The 
results are shown in Table V. 



Time 

(Days) 

30 

65 

93 

Example VI 



Table V 

Antibody titre (IgG) 

(Thousands) 

4 

24 

96 



Human serum albumine (HSA) microspheres were made 
as in Example III except that the HSA was not 
f luorescenated and the hydroxyethyl cellulose was 
replaced by polyvinyl alcohol. 50 mg of the 
microspheres were gavaged orally to Balb-C mice. The 
mice were bled at regular intervals and the blood 
samples centrifuged to isolate the plasma. The plasma 
was analyzed using ELISA techniques to estimate antibody 
titre (IgG) values. The results are shown in Table IV. 

Table VI 



Time 

(Days) 

30 

65 

93 



Antibody titre (IgG) 



(Thousands) 

6 

13 

98 



Example VII 

0.1 g of starch was dissolved in 0.2 ml 
dirnet hy 1 s u lphoxide (DMSO) and to this solution was added 
0.5 g ethylhydroxycellulose and 0.051 g bromophenol blue 
dye dissolved in 1 ml water. The solution was stirred 
to make a homogenous solution. To this solution was 
added 10 ml vegetable oil at 0°C and the resulting 
mixture was sonicated to form a microdroplet suspension. 
The microdroplet suspension was added slowly to 200 ml 
acetone containing 2% v/v Tween® 80 surfactant. 
Microspheres were precipitated from the acetone. The 
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dried!* * ^ “ d «“ "i-o.p k . r .. w . r . 

, " iCr ° Epheres »“• *«h« coated with a poly 

co-glycolide) copolymer (75:25 lactide 

ot rlT'T'l' haVi " 9 * >-** •* ^out ao 

“ ' “* COatln9 "" applied by transferring the 

^it.r:.piw u\ oi !?r i tia poiy — 

.hlch contained 1, v,v ^ 

0. 80 that a — 

surfaen • 1 d } co P°lymer was left on the 

surface of the mxcrospheres 21 

assist in f-hem p s * A lld vacu «in was used to 

assist in the evaporation process. 

0.1 9 ° f the coated mlcroepher.e .a. expended in 
eho™ w! U ov«lIlf. ral8a8a cUr< * ct «**“«. »■ 

Table vt; t 

In vitro release of bromphenoi dye: 

™" <da r 8 > « Release 



1 

2 

5 

10 

30 

40 

60 



15.8 

20.1 

25.0 

35.0 

38.0 
47.5 

50.0 



This experiment shows that the coating prevented 
premature degradation of the microeph.res in ■ 
coition. Thu. ft illustrate, th TZl^ ^ 
mlcrosphere. will provide , uetaiMtl reUae . o£ 
peptides/proteins . 
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CLAIMS : 

1. A controlled release formulation comprising 
biodegradable polymer microspheres wherein a drug, 
vaccine or hormone is suspended in a polymer matrix, 
said polymer matrix being formed from at least two water 
soluble biodegradable polymers, and said microspheres 
being coated with a (d,l lactide-glycolide) copolymer.. 

2. A formulation according to Claim 1 wherein the 
polymers are selected from the group consisting of 
starch, crosslinked starch, ficoll, polysucrose, 
polyvinyl alcohol, gelatine, hydroxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl-ethyl cellulose, hydroxypropyl -methyl 
cellulose, sodium carboxymethyl cellulose, cellulose 
acetate, sodium alginate, polymaleic anhydride esters, 
polyortho esters, polyethyleneimine, polyethylene 
glycol, methoxypoly ethylene glycol, ethoxypolyethylene 
glycol, polyethylene oxide,poly(l,3 bis(p- 
carboxyphenoxy) propane-co-sebacic anhydride, N,N- 
diethy laminoacetate , block copolymers of polyoxyethylene 
and polyoxypropylene. 

3. A formulation according to Claim 1 wherein the 
weight ratio of the two polymers is in the range of from 
20:80 to 80:20. 

4. A formulation according to Claim 3 wherein the 
polymer matrix is selected from starch and ficoll, 
starch and polysucrose, starch and polyvinyl alcohol, 
starch and gelatine, starch and hydroxyethyl cellulose, 
hydroxyethyl cellulose and hydroxypropyl cellulose, 
gelatine and hydroxyethyl cellulose, gelatine and 
polyvinyl alcohol, polysucrose and polyvinyl alcohol, 
and sodium carboxymethyl cellulose and sodium alginate. 

5 . A formulation according to Claim 4 wherein the 
polymer matrix comprises starch and ficoll and the 
weight ratio of starch to ficoll is from 85:15 to 60:40. 

6. A formulation according to Claim 5 wherein the 
weight ratio is from 75:25 to 65:35. 
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7. » formulation according to Claim 4 .heroin the 

polymer matrix compri... anarch and polyvinyl alcohol 
and the weight ratio of anarch to polyvinyl alcohol ia 
in the range of from 35:65 to 65:35. 

S. A formulation according to Claim 7 wherein the 
weight ratio is from 40:60 to 60:40. 

9. A formulation according to Claim 4 wherein the 
polymer matrix comprises polysucrose and polyvinyl 

alcohol aD 7 he W6i9ht ratio of P 0 ^ sucrose to polyvinyl 
alcohol xs from 35:65 to 65:35. 

10. » formulation according to Claim 4 wherein the 
polymer matrix compri... ficoll and a celluloae .elected 
from the group con.iating of hydroxymethyl c.lluloee, 
hydroxyethyl celluloae, hydroxypropyl celluloae, 

y o^propyLethyl celluloae, hydroxypropyl -methyl 

C< “ rbOXy "' thyl cell “loo. and celluloae 
acetate and the weight ratio of the celluloae to ficoll 
is xn the range of from 80:20 to 65:35. 

11. A formulation according to claim 1 or 2 wherein the 
active ingredient i. .elected from the group coneiating 
of bovine somatropine, eatrogene, androgen., ineulin, 

f,,ctore ' lnt,rle ” kin - 1 ' 

12 A formulation according to claim 1 or 2 wherein the 

of MMR (m 9re<ii,n,: iS “” ltCted £ro " th ” group coneiating 
of MM2 (mump., mea.le. and rubella, vaccina, typhoid 

vaccine, hepatitie A vaccine, hepatitie B vaccine, 

herpea simplex virua, bacterial toxoid., cholera toxin 

- ubunit, influenza vaccine virus, whooping cough 

vaccina virua, vaccinia virus, adenovirua, canary pox, 

poUo vaccine virus, malaria vaccine virue, bacill!. 

Cr kieb8ieiia pn '“” oniae ' - - * 

13. A process for making a controlled release 
formulation comprising microspheres of a drug, vaccine 

’r- S “ 6peDded iQ a bi °degradable polymer matrix 
polymer, sard process comprising the steps of 
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a) preparing an aqueous solution of at least two water 
soluble biodegradable polymers and adding thereto an 
active ingredient of a hormone, vaccine or drug, 

b) mixing the solution and active ingredient with an 
emulsifying medium to form a homogenized microdroplet 
suspension, 

c) adding the homogenized microdroplet suspension slowly 
to a first organic solvent which contains a small 
concentration of a first surfactant, while stirring the 
microdroplet suspension and solvent, thus causing 
microspheres to precipitate, 

d) separating the microspheres from the first solvent 
and adding a solution of a (d,l lactide-glycolide) 
copolymer in a second organic solvent which contains a 
small concentration of a second surfactant, and 

e) slowly evaporating the solvent, leaving behind coated 
microspheres . 

14. A process according to Claim 13 wherein the polymers 
used in 6tep a) are selected from the group consisting 
of starch, crosslinked starch, ficoll,. polysucrose, 
polyvinyl alcohol, gelatine, hydroxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl- ethyl cellulose, hydroxypropyl -methyl 
cellulose, sodium carboxymethyl cellulose, cellulose 
acetate, sodium alginate, polymaleic anhydride esters, 
polyortho esters, polyethyleneimine, polyethylene 
glycol, raethoxypolyethylene glycol, ethoxypolyethylene 
glycol, polyethylene oxide, poly(l, 3 bis(p- 
carboxyphenoxy ) propane-co-sebacic anhydride, N,N- 
diethylaminoacetate, block copolymers of polyoxyethylene 
and polyoxypropylene. 

15. A process according to Claim 13 wherein the weight 
ratio of the two polymers used in step a) is in the 
range of from 20:80 to 80:20. 

16. A process according to Claim 15 wherein the polymer 
matrix is selected from starch and ficoll, starch and 
polysucrose, starch and polyvinyl alcohol, starch and 
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gelatine, starch and hydroxyethyl cellulose, 
ydroxyetbyl cellulose and hydroxypropyl cellulose, 

9 , * and hydroxyethyl cellulose, gelatine and 

po yvinyl alcohol, polysucroee and polyvinyl alcohol, 
and sodrum carboxymethyl cellulose and sodium alginate. 

• A process according to Claim 16 .herein the polymer 
aatrrx comprises starch and ficoll and the .eight ratio 
o£ starch to ficoll is from 85:15 to 60:40. 

“l* rr* aCCOr<Un « to 1’ wherein the .eight 

ratio is from 75:25 to 65:35. 9 

19. A process according to claim 16 .herein the polymer 
„ ‘ “ comprises starch and polyvinyl alcohol and the 
eight ratio of starch to polyvinyl alcohol is in the 
range of from 35:65 to 65:35. 

r«io rr S " CCOrdio « to 1» wherein the .eight 

ratio is from 40:60 to 60:40. 

21. A process according to Claim 16 .herein the polymer 
nx comprises polysucrose and polyvinyl alcohol and 

from 35 9 65 rr °* POlyS “ cro “ to Polyvinyl alcohol is 
from 35:65 to 65:35. 

22. A process according to claim 16 .herein the polymer 

“““ £iC011 “ d • «Uolos. .elected fr™ 

the group consisting of hydroxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydrox^ropyl-ethyl cellulose, hydroxypropyl-methyl 

oarboxymethyl cellulose end cellulose 
acetate end the .eight ratio of the cellulose to ficoll 
is in the range of from 80:20 to 65:35. 

23. a process according to Claim 13 or‘l4 wherein the 
actrve ingredient is selected from bovine somatropine, 

illlllTll andr ° genS ' insulin ' ^owth factors, 

erleukin-I, interleukin-li and cytokins. 

24. A process according to Claim 13 or 14 wherein the 

and 1 ^beir? dient - iS SeleCt6d fTOm *** measles 

a) vaccine, typhoid vaccine, hepatitis A 

vacc ne, hepatitis B vaccine, herpes simplex virus, 

ena toxoids, cholera toxin B-subunit, influenza 
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vaccine virus, whooping cough vaccine virus, vaccinia 
virus, adenovirus, canary pox, polio vaccine virus, 
malaria vaccine virus, bacillus calmette geurin, 
klebsiella pneumoniae, and HIV envelop glycoproteins. 

25 . A method for the treatment of animals or humans 
wherein a controlled release formulation is administered 

the animal or human being, wherein the formulation 
comprises biodegradable polymer microspheres wherein a 
drug, vaccine or hormone, which is suitable for 
administration to animals, is suspended in a polymer 
matrix, said polymer matrix being formed from at least 
two water soluble biodegradable polymers, and said 
microspheres being coated with a (d,l lactide-glycolide) 
copolymer. 

26. A method according to Claim 25 wherein an increase 
in milk production of a cow is assisted by the 
co^'ti'olled release of bovine somatropine, said bovine 
somatropine being administered in the form of 
biodegradable polymer microspheres, said bovine 
somatropine being suspended in an a polymer matrix 
formed from at least two water soluble biodegradable 
polymers selected from the group consisting of starch, 
crosslinked starch, ficoll, polysucrose, polyvinyl 
alcohol, gelatine, hydroxymethyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, hydroxypropyl-ethyl 
cellulose, hydroxypropyl -methyl cellulose, sodium 
carboxymethyl cellulose, cellulose acetate, sodium 
alginate, polymaleic anhydride esters, polyortho esters, 
polyethyleneimine, polyethylene glycol, 
roethoxypolyethylene glycol, ethoxypoly ethylene glycol, 
polyethylene oxide,poly(l,3 bis(p-carboxyphenoxy) 
propane-co-sebacic anhydride, N,N-diethylaminoacetate, 
block copolymers of polyoxyethylene and 
polyoxypropylene, and said microspheres being coated 
with a (d, 1 lactide-glycolide) copolymer. 
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